As more manufacturing is moved to the developing countries, policy makers become concerned with the environmental consequence. Relatively lenient environmental policies in the developing countries may give them a comparative advantage in pollution intensive goods, and openness to trade and foreign direct investment might harm the host country's environment. This study examines the relationship between the scale of foreign direct investment and local air pollution in China and suggests that the opposite might be true. Trade and foreign direct investment could have beneficial effect on a developing country's environment when the multinationals crowd out inefficient local firms, when they change the industry composition, and when they bring more efficient technology into the host country and improve productivity and energy efficiency. We examine the environmental consequence of foreign direct investment using city level data on air pollution, industry composition, foreign direct investment, and other social economic factors. We exploit China's half land-locked geographic feature and preferable trade policy granted to selected cities as exogenous variations in the cities' access to foreign investment. We find a negative correlation between foreign direct investment and air pollution, suggesting that the overall effect of foreign direct investment may be beneficial to the environment.
Introduction
Are trade and growth good or bad for the environment? As competition becomes more global, people are concerned that relatively lenient environmental regulation and lax enforcement in developing countries give them a comparative advantage in pollution intensive goods. Lowering trade barrier may encourage a relocation of polluting industries from countries with strict environmental policy to those with lenient policy. These shifts may increase global pollution or lead to race-to-the-bottom environmental policy practices, as countries become reluctant to tighten environmental regulations due of their concerns over comparative advantage in international trade. On the other hand, some researchers argue that openness could improve developing countries' environment by increasing local income, introducing more energy efficient production technology, and increasing competition and driving out less efficient factories.
Grossman and Kruger initiated the research literature on trade, growth and pollution by proposing an environmental Kuznets curve (EKC) that hypothesizes an inverse-U-shaped relationship between a country's per capita income and its pollution level, i.e. increased incomes are associated with an increase in pollution in poor countries, but a decline in pollution in rich countries. Trade may alter environment outcomes through a variety of channels. One channel is scale effect considered harmful to the environment: when foreign investment set up production facilities in the host country or outsource to local factories, the total industrial output increases and leads to more pollution. Another channel is technique effect considered beneficial to the environment: domestic plants could learn from exporting or from foreign invested plants that are often use more advanced technology, or the domestic plants might be crowded out of the product market when the foreign plants expand and grab domestic market share and local labor supply. In such cases, openness to trade and foreign investment will improve the environment quality. A third channel is income effect: when foreign investment brings more jobs to the host country and increase the local income, local constituency might demand a higher environmental standard, more stringent regulation, and better enforcement by the government. This paper investigates the effect of foreign direct investment on local air pollution in different municipal areas in China. In recent years, China has attracted a large amount of foreign direct investment and manufacturing outsourcing from the developed world. The environmental consequence of trade and foreign investment in China has caused great concerns as the pollution in the country increases with the expansion of the economy. Also, China is a country of vast geographic variety. The scattered locations of its major cities, together with different government policies they are subject to, to a large extent determine their access to foreign investment. We exploit these exogenous variations across cities to control for the endogenous choice of location of foreign investment. We use city-level social economic data in the late 1990s to examine the relationship between local pollution and the scale of foreign direct investment, industry composition, and income. Contrary to the concerns with the negative effect of trade and foreign investment on environment, our results show a negative correlation between foreign direct investment and local air pollution, suggesting that the aggregate effect of foreign direct investment might be beneficial to the host country's environment.
The rest of the paper is organized as follows. Section 2 reviews literature on the relationship between environment, trade, and growth, and develops hypotheses. Section 3 describes the environmental issues, and factors influencing the distribution of foreign investment, including regulation, trade policy, and the geographical features of China. Section 4 describes the data, measurement, and empirical strategy. Section 5 summarizes the results. Section 6 discusses the caveats and extension of the research.
Literature Review and Hypothesis -Trade, Growth, and Environment
The issue of trade, growth, and environment received increased attention in the past decade, as the negotiations for World Trade Organization and North American free Trade Agreement (NAFTA) went on and concerns over global warming and industrial pollution were rising.
The economic literature on these issues started in the 1970s with some normative research. The positive research to test hypothesis about trade policy and growth's impact on environmental outcomes started in the 1990s from the pioneering work by Grossman and Krueger (1993) on NAFTA 1 . In this paper they hypothesize an inverse U-shaped relationship between a country's per capita income and its level of environmental quality: increased incomes are associated with an increase in pollution in poor countries, but a decline in pollution in rich countries. They also break down the effects of growth on environment into three components: scale effect, composition effect, and technique effect 2 . Scale effect is the change in pollution with the change in the scale of the production, holding constant the mix of goods and production techniques.
Composition effect is the change in the share of the dirty goods in national income and the increase in pollution as the economy devotes more of its resources to producing the dirty goods.
Technique effect is the change in the pollution as cleaner technique is used for production. In a following paper, Grossman and Krueger (1995) use a cross-country data set covering 58 countries in the1980s and find support of an inverse U-shape relationship between income and pollution, i.e. pollution increases with income at low-levels of income and decreases at highlevels of income, with the turning point for most of the pollutants coming before a country reaches a per capita income of $8,000.
Grossman and Krueger's work led to a booming literature on the environmental Kuznets curve (EKC), i.e. the inversed U-shape relationship between growth and environmental quality.
Although most existing researches support the EKC relationship, these researches often employ a reduced form that uses essentially only one explanatory variable, income per capita, and fail to break down the effects of growth into different channels, namely, scale, composition, and technique effect, as Grossman and Krueger (1993) did. Thus, the estimation in these works is sometimes sensitive to the functional form and the sample used.
Since China is a developing country with nominal per capita GDP of $911 3 in 2001, we expect to see pollution to increase with per capita GDP, but at a declining rate, i.e. China is on the left side of the hump on the inversed U-shape curve. that freer trade has a beneficial effect on the environment, after breaking down the effects into the three components. Dean (2002) estimates the effect of trade liberalization on water pollution in China's provinces using a simultaneous equation system, and suggests that trade aggravates pollution via the improved terms of trade but mitigates it via income growth.
All these researches use export and import data to approximate for trade and openness, as most of the work in the field has done. Several papers address the question using foreign direct investment. Eskeland and Harrison (2003) use a panel data set on US outbound direct investment to four countries and find little support for the pollution haven hypothesis. Also, they find foreign plants are significantly more energy efficient and use cleaner types of energy than the domestic-owned plants. Wang and Jin (2002) find similar results in a study examining firm level pollution discharge in more than 1000 firms in China. They find foreign invested firms and community owned firms have better environmental performances than state-owned and privately owned firms. They suggest that foreign firms pollute less because they use superior technology in production and are more energy efficient, while community owned firms pollute less because they internalize the cost of pollution since the owner of the firm has to bear the consequence of local pollution.
Based on the previous researches, we hypothesize that the inflow of foreign direct investment into a developing country will reduce local pollution, for given levels of industrial output and composition.
Hypothesis 2. Everything else equal, pollution intensity in China's cities decreases with the scale
of foreign direct investment.
Background: China's Environment and Foreign Investment
We chose China as the setting for this study because China's National Bureau of Statistics has compiled a detailed data set of pollution and economic activities in hundreds of the cities, also because the country has undergone rapid economic development and openness to trade and investment. China received the largest amount of foreign direct investment in 2003, and has been one of the largest destinations of manufacturing outsourcing. At the same time, the country's energy hunger and environmental problems have caused increased concerns. The environmental consequence of trade and growth in China has important policy implications.
Environmental Issues
China has experienced rapid industry growth during the period of economic reform. While this growth has increased incomes and reduced overall poverty levels, it has been accompanied by serious environmental damage. Chinese industry is a primary source of the pollution problems. Air and water pollutions are the most widely monitored and studied pollution types in China.
This study will focus on air pollution, specifically Sulfur dioxide emission. Sulfur dioxide and soot (suspended particulate matter) caused by coal combustion are the two major air pollutants.
Sulfur dioxide is emitted naturally by volcanoes, decaying organic matter, and sea spray. The major industrial sources are the burning of fuel containing sulfur (mainly coal and oil) and other industrial processes such as the smelting of nonferrous ores. Automobile exhaust and certain chemical manufacturers are also sources of SO2. Suspended particulates are generated from certain industrial processes and fuel combustion.
Sulfur dioxide emission is the focus of this study because this pollutant causes severe damage to human health and has resulted in acid rain falling on about 30% of China's total land area. we will use mass industrial emission data for this study.
Foreign Direct Investment and Geography in China
China's wide variation in geography and the different trade policies imposed on the cities make the country an ideal context to test the environmental impact of foreign direct investment. As China's geographic features is another source of variation across the cities' access to foreign investment. Since China is landlocked on the northwest side and surrounded by mountains, deserts, and foreign countries that barely participate in international trade 9 , most of the trade activities and foreign investment come from the coastal side on the east and southeast. A city's distance to the coast significantly influences its access to foreign investment. Furthermore, a small number of seaports in China carry a large proportion of freight traffic and attract large number of investors. Thus, the distance from a city to these seaports can be used as a source of exogenous variation in the access to foreign direct investment. Wei (2001) uses this method to study the relationship between trade and income inequality in China. Similar technique is employed by Frankel and Romer (1999) and Frankel and Rose (2002) in cross-country studies on trade flows.
We use five sea ports as the major hubs of investment inflows. Hong Kong and Shanghai are by far the biggest ports for international trade in China, and the centers of foreign investment into China. Two other seaports in Northern China, Dalian and Qinhuangdao, are export hubs and attract large amount of investment from Japan and South Korea. Because investment and trade from Taiwan accounts for a significant proportion of trade and FDI in China, Taipei, the capital city of Taiwan, is also included as a trade hub.
Data and Empirical Strategy
Most data used in this paper is from the China Urban Statistical Yearbooks published by China's National Bureau of Statistics. The data covers more than 260 major cities, and economic, social, and demographic information of the cities from 1996 to 2003.
To study the relationship between pollution and foreign direct investment and income, I use a reduced form equation that relate sulfur dioxide emission in a city to a function of the scale of foreign direct investment, per capita income, industrial output and composition, and other covariates. All the variables are in log terms.
The dependant variable is the volume of industrial sulfur dioxide emission, measured by total factory sulfur dioxide emission (tons).
The explanatory variables include the scale of foreign direct investment 10 , measured by net assets or employment of foreign invested factories in each city, per capita GDP, per capita GDP square.
The control variables include year fixed effects, city and provincial fixed effects, and other cityyear specific variables denoted Xit. These city-year specific variables include total industrial output value, land area, and capital intensity measured by capital labor ratio 11 . We also include predicated sulfur dioxide emission based on industry composition to control for the differences in industry mix across the cities. This variable is calculated by combining employment at the 4-digit SIC level from the National Bureau of Statistics industrial survey with pollution per worker per industry constructed as part of the World Bank Industrial Pollution Projection System 12 (IPPS).
10 Before 2003, a "foreign-owned firm" is defined as a firm with 25% or higher foreign ownership, in the form of cash, equipment, technology, and/or intellectual property rights. Starting from 2003, after China joined WTO, the definition of foreign-owned firm is expanded to those with lower than 25% foreign ownership. Source: Department of Commerce, China. As a special case in China, investment from Hong Kong and Taiwan are treated almost equivalent as foreign investment so are coded as "foreign" in this study. 11 In the following step, we will control export and import for each city. A major empirical concern of this study is the unobserved variables influencing openness, income, and pollution levels at the same time. For example, a competent city government might be able to attract more investors, improve income faster, and enforce environment regulation better. But the capability of a city government is not observed in the data. Also, it could be the case that foreign investors are more attracted to the sites with a clean environment. Thus the causality goes in a reverse direction.
To deal with these issues, we use three instruments for foreign direct investment: geographic location, trade policy, and local population. All the three variables are predetermined and can be considered independent of pollution and income level of the city.
As stated in the previous section, China's geographic characteristics and trade policy can be considered predetermined and exogenous of pollution and income. Thus, a city's geographic location and the preferable trade policy it receives from the central government can be used as instruments for foreign direct investment to resolve the endogeneity of openness and access to foreign direct investment.
Specifically, we use the distance to major seaports as instruments for the inflow of foreign direct investment. The instrumental variable "distance" is the smallest distance from a city to one of the five major seaports or investment hubs. The distance is the greater circle distance between a pair of cities, computed with the "Oblique Spherical Triangle Method" using the latitudes and longitudes of the cities (Wei 2001) 13 , 14 .
13 The Oblique Spherical Triangle Method to calculate greater circle distance: Arc Distance D = arcCos (Sin(latitude1)*Sin(latitude2) + Cos(latitude1)*Cos(latitude2)*Cos(longiude1-longitude2)). Sign convention: + (-) for north (south) latitude, and + (-) for west (east) longitude. Distance in Kilometers = 6378.7*D, where the latitudes and longitudes are in radians. The empirical part used Arc distance, not the distance in kilometers. The information on the latitudes and longitudes of the Chinese cities is retrieved from the Defense Mapping Agency (1979), and supplemented with information from The Encyclopedia of Chinese cities & counties (Zhongguo Shi Xian Da Ci Dian), 1 st edition, 1991. 14 One may argue that geographic distance is a noisy measure of access to investment opportunities. For example, consider two cities of equal geographic distance to Shanghai but one is connected to Shanghai by highway and direct flight and the other is by mud road. Their access to the investors in Shanghai will be quite different. Due to data limit, we focus on distance in this study. Because of China's residential registration system, the population of the urban area is relatively stable and not influenced by the economic condition except in several large metropolitan areas.
A large local population is appealing to investors because of the large pool of cheap labor and skilled workers it offers. Thus, total local population is used as an instrument for foreign direct investment.
Results
The summary statistics are shown in Table 1 . The estimation results with sulfur dioxide emission intensity as dependant variable are reported in Table 3 . Model OLS1 and Model OLS2 are ordinary least square estimations using assets and employment to measure the scale of foreign investment respectively. Model IV1 and IV2 are instrumental variable models corresponding to OLS1 and OLS2, using distance to sea ports, trade policy, and population as instruments for foreign investment. Table 4 reports the results in fixed effect and instrumental variable fixed effect models.
The results in Table 3 support the hypothesis on environmental Kuznets Curve: the positive coefficient of per capita GDP and negative coefficient of per capita GDP square indicate that sulfur dioxide emission increases with per capita GDP, but at a decreasing speed. This result suggests that in most Chinese cities the increase of income is accompanied by an increase of pollution. The scale of income's effect on pollution is quite large. One percent increase in per capita GDP leads to 6 percent increase in sulfur dioxide emission intensity (Column 1&2 in Table 3 ). The sign of the coefficient is stable in all the four models. The coefficients of per capita GDP and per capita GDP square term indicate that the turning point of the inversed-U curve comes at a level of per capital GDP of about $1,200 in China 15 (Row 11 and 12 in Table 3 ). The income level of the turning point is much lower than that indicated by Grossman and Krueger (1995) . In 2000, per capita GDP surpassed this level in 70 of the 230 cities, or about 30% of the sample. The proportion increases by about 4% each year. This might suggest that China's cities are increasingly move to the brighter side of the curve -higher income are associated with lower pollution in an increasing number of the cities 16 .
Second, the coefficient of foreign direct investment is negative, significant in IV models but not significant in the OLS models. This suggests that local pollution decreases with the scale of foreign investment, but only when the selection of the location of FDI is taken into consideration. In the IV models, for one percent increase in foreign direct investment, sulfur dioxide emission intensity decreases by 0.6-0.7 percent (Column 4 and 5 in Table 3 ).
The coefficients on most other variables are of the predicted sign. Emission increases with total industrial output, predicted sulfur dioxide emission, the asset and employment of domestic factories, land area, and the employment in fossil-fuel power plants 17 .
The results in the Fixed Effect models are insignificant and of the wrong sign (Table 4 ). This might due to the short period of our panel data set -the variation in pollution is more evident across cities than within cities and overtime.
Summary
The research literature on the impact of openness and growth on environment has causes great interests in recent years. While policy makers are concerned with the environmental consequence of free trade and off-shoring in the developing countries, evidence has not consolidated such concern. On the contrary, cross country studies suggest openness could be beneficial to the host country's environment. However, since national governments make both trade policies and environmental policies and could substitute one for another, cross country studies are hard to establish causality between openness and its environmental consequence.
This study asks whether a city receiving more foreign direct investment has higher air pollution, using a panel data covering more than 200 major cities in China, one the largest receiver of foreign direct investment and manufacturing outsourcing. We exploit the country's variety in geography and different trade policy imposed on cities as an exogenous source of variation in access to foreign direct investment. We found evidence that foreign investment has beneficial effect on local environment, controlling for industrial output and composition.
In the next phase, we will investigate the channels through which foreign investment impact Notes: robust clustered standard errors in parentheses. The error terms are clustered at city level. The Instrumental variable models use coastal dummy, distance to sea ports, and log of population, together with all the other explanatory variables in the model as instruments for FDI. †, *, **, *** significant at 0.10, 0.05, 0.01, and 0.001 level. Notes: robust clustered standard errors in parentheses. The error terms are clustered at city level. The Instrumental variable models use coastal dummy, distance to sea ports, and log of population, together with all the other explanatory variables in the model as instruments for FDI. †, *, **, *** significant at 0.10, 0.05, 0.01, and 0.001 level. 
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